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Introduction
Lyme borreliosis (LB) is the most common vector-borne disease in the northern hemisphere [1] [2] [3] . The economic and social costs of managing the disease represent an important burden on both health services and society [4, 5] . Several epidemiological studies describe a 2 to 3.6-fold increase in the incidence of this disease over the last decade, in Europe as well as in the United States (US) [6] [7] [8] [9] . The American surveillance system, based on notifications of observed cases, has been active since 1991. In Europe, most countries do not have national monitoring data at their disposal. The Czech Republic and Slovenia are among the few exceptions [1] . In France, the only existing nationwide study is a prospective study conducted by the Sentinelles network with general practitioners (GPs) from 1999 to 2000. It estimated the incidence of the disease at 9.4 per 100,000, with important inter-regional variations [10] . Several regional studies were also conducted, some on highrisk populations (forest workers), others on the general population in high-risk regions. In eastern France, disease incidence was estimated at 200 per 100,000 inhabitants, and at over 500 per 100,000 in certain areas [11, 12] .
Estimates of the epidemiological characteristics of LB are useful to orient control and prevention measures, as well as to assess their effectiveness. These data are also necessary to elaborate factual risk communication messages provided to the lay public or the media. Since 1984, the Sentinelles network collects, processes, forecasts and dispatches epidemiological data on the activity of GPs in France [13] , in real time. In 2009, LB was added to the list of the monitored health indicators.
We analysed the data collected by the Sentinelles network over the first four years of LB surveillance in France (2009) (2010) (2011) (2012) . We also analysed the national hospitalisation databases from 2004 to 2009 (the latest available data at the time of writing this paper).
Methods

Incidence and characteristics of Lyme borreliosis cases (2009-2012)
The Sentinelles network GPs notify weekly the cases of LB they identify during consultations to the network's electronic information system. Notifications are made online throughout the year, in a standardised way. Sentinelles GPs make up a representative sample of the national GPs, both in terms of practice area and age distribution of their patients [14] . To be reported by GPs, cases had to meet the following definitions as stated in the European Concerted Action on Lyme Borreliosis criteria: (i) presence of an erythema migrans (clinical diagnosis); or (ii) appearance of neurological, articular (arthritis only), cutaneous or cardiac symptoms evocative of Lyme disease, in a patient with positive serology [15] .
For each notified case, a standardised questionnaire provided information on the patient's age and sex, the date of diagnosis, a history of tick bite before the consultation (date of bite), presence of asthenia, myalgia, cutaneous manifestations (erythema migrans with a single or numerous lesion(s), lymphocytoma, acrodermatitis (ACA)), neurological manifestations (meningoradiculitis, clinical signs of meningitis, meningoencephalitis, radiculitis, facial paralysis, events related to another cranial nerve), the presence of arthritis (articulation(s) concerned) or cardiac events (atrioventricular block, pericarditis, myocarditis, other) and, when available, the results of cerebrospinal fluid (CSF) analysis and serological tests. Three of the authors (AV, CA, TH) validated the reported cases when they met the adopted case definition. Validation of cases is an ongoing regular activity of the surveillance procedure and involves checking the consistency of data reported in the standardised questionnaire for each reported cases. When needed, GPs are contacted for more information. Cases of meningoradiculitis or unilateral facial paralysis were validated even if CSF fluid analysis had not been done, when they were clinically very suggestive (consensus agreement between three authors, AV, CA and TH) in patients who reported a history of erythema migrans less than two months before the onset of neurological manifestations [16] .
Cases reported from 1 January 2009 through 31 December 2012 were analysed. The annual incidence rate was calculated as follows: the average number of cases notified by Sentinelles GPs (adjusted for participation and geographic distribution) was multiplied by the total number of private GPs practicing in France [17] . This product was then divided by the French population [18] . Confidence intervals were estimated under the assumption that the number of reported cases followed a Poisson distribution.
Lyme borreliosis hospitalisations (2004-2009)
Hospitalisation data were collected by reviewing all hospital discharge reports containing an LB code from 1 January 2004 through 31 December 2009 (the latest available data at the time of writing this paper), all obtained through the Programme de Médicalisation des Systèmes d'Information (PMSI) data processing centre [19] . This database is a national register of all discharges from all short-stay/acute-care hospitals. It collects data described by the physicians who took care of the patients during their hospitalisation, using the International Classification of Diseases, 10th revision (ICD-10) [20] . We identified all the hospitalisation reports for which a LB code was reported, i.e. M01.2* (Lyme arthritis), L90.4 (acrodermatitis) or A69.2 (Lyme disease), either for primary or secondary diagnoses. A hospitalisation was considered compatible with LB and retained in the analyses when the data in the hospital discharge report satisfied one of the following criteria (Table) : (i) a hospital discharge report with a code specific for LB diagnosis (ICD-10 codes M01.2* or L90.4), (ii) a hospital discharge report with ICD-10 Code A69.2 in the absence of any other diagnosis, or (iii) a hospital discharge report with ICD-10 Code A69.2 together with one or more associated diagnosis code(s) compatible with LB symptoms (neurological, cardiac, articular and ocular disorders). Hospitalisations were described by age, sex, region of residence of the patient, and types of disorders. Also, seasonality and the mean duration of hospitalisation were presented. To estimate the average annual incidence rate of hospitalisations (national and regional), the number of hospital stays in a given geographical area was divided by the average population in the study period, and then multiplied by 100,000 [18] .
Results
Incidence and characteristics of Lyme borreliosis cases (2009-2012)
From 2009 through 2012, GPs of the Sentinelles network reported 441 cases of Lyme borreliosis, 110 of which were not chosen for validation because they did not meet the criteria. These were mostly late manifestations without serological confirmation (n=42), tick bites without any clinical event (n=25), insufficiently completed questionnaires (n=19), positive serology without any associated clinical event (n=8), diagnosis errors later confirmed by the GP (n=7), data capture errors (n=4), prevalent but non incident cases (n=5). The remaining 331 cases were validated and analysed. in Alsace to 0 in Nord-Pas-de-Calais and Bourgogne ( Figure 1A ). The incidence peaked during the months of June to October (Figure 2A ).
Women represented 52% of these 331 cases (p=0.37). The age distribution revealed two peaks, between 5 and 10 years and between 50 and 70 years ( Figure 3 Figure 4 ), which represents an estimated annual average hospitalisation rate over the period of 1.55 per 100,000 inhabitants (95% CI: 1.42-1.70), ranging from 1.38 to 1.87. Regional variations of hospitalisation rates were remarkable, ranging from 6.72 per 100,000 inhabitants per year in Alsace, to 0.30 in Corsica ( Figure 1B) .
These hospitalisations concerned women in 42.2% of cases (p<0.001). The age distribution revealed two peaks: one between 5 and 10 years and another around the age of 55 years ( Figure 5 ). Reasons for hospitalisation were neurological disorders (n=2,820), LB with no associated diagnosis (n=1,860), arthritis (n=660), cardiac events (n=304), ocular disorders (n=87) and ACA (n=85). The monthly distribution of hospitalisations (month of entry) peaked between June and November ( Figure 2B ). The average duration of stay was 5.3 days Table 1 ICD-10 codes of clinical disorders that may be related to Lyme borreliosis ICD-10 chapters and group of conditions concerned a ICD-10 code concerned
Chapter VI: Diseases of the nervous system Inflammatory diseases of the central nervous system G00-9
Disorders of the trigeminal nerve G50.8, G50.9
Facial nerve disorders G51, G51.0, G51.8, G51.9
Disorders of other cranial nerves G52, G52.0-3, G52.7-9
Cranial nerve disorders in diseases classified elsewhere G53, G531, G538
Nerve root and plexus disorders G54, G54.0-5, G54.8-9
Other polyneuropathies G62, G62.8-9
Polyneuropathy in diseases classified elsewhere G63, G63.0
Other disorders of the peripheral nervous system G64
Chapter VII: Diseases of the eye and adnexa Iridocyclitis H20, H20.0-1, H20.8-9
Other disorders of iris and ciliary body H21, H21.8-9
Disorders of iris and ciliary body in diseases classified elsewhere H22, H22.0-1, H022.8
Chorioretinal inflammation H30, H30.0-9
Other disorders of the choroid H31, H31.8-9
Chorioretinal disorders in diseases classified elsewhere H32, H32.0-8
Chapter Other arthritis M130-9
Arthropathies in other diseases classified elsewhere M14, M14.8 a International Classification of Diseases, 10th Revision [20] . and varied, according to the LB form, from an average of 3.0 days for hospitalisations coded with an isolated LB code, to 8.3 days for LB associated to cardiac disorders.
Discussion
Data from the Sentinelles GP network and administrative hospitalisation database allowed for an updated and ongoing description of the epidemiology of LB in France. Although they covered different time periods, there was consistency between the data sources in regard to age distribution, seasonality and spatial distribution. The study confirmed that the incidence was greater in the eastern and central regions of France, increased in summer, and was higher among young children and older adults. It also confirmed that GPs play a major role in diagnosing and treating the early forms of the infection. Even though they were unusual, severe forms made hospitalisation necessary.
On the basis of the 331 cases collected and validated by the Sentinelles network, the LB incidence was estimated at 42 (95% CI: 37-48) for 100,000 inhabitants. The actual LB incidence could in fact be higher than this estimate, since patients who did not consult a GP were not covered by this study. There is no published or unpublished information that could help assess the magnitude of this effect. However, nowadays in France, people cannot go directly to a specialist without first consulting a GP. It is therefore likely that the vast majority of patients had been seen by a GP. The incidence rates estimated here can be compared with incidence rates in other European countries, although such comparisons must be interpreted with caution. Indeed, there are differences between countries in the process of data collection. Only some countries use a continuous surveillance system, and case definitions and laboratory confirmation methods vary [1, 9] . In 2005, the highest incidence rates of LB in Europe were reported in Slovenia with 206 cases per 100,000 inhabitants, Austria with 135 cases per 100,000 inhabitants and the Netherlands with 103 cases per 100,000 inhabitants [9] . A high yearly incidence rate of LB (131 per 100,000 inhabitants) was also reported in Switzerland between 2008 and 2011 [21] . Incidence measured in Germany in 2006 amounted to 37.3 per 100,000 inhabitants in six of the 16 federal states [8] . In the Czech Republic in 2006, it was 42.6 per 100,000, close to the national incidence in France. In Belgium, it was 16 per 100,000 in 2005 [9] , whereas the Belgian network of sentinel GP estimated the incidence rate of erythema migrans at 90.2 per 100,000 in 2009 [22] . The incidence rate was below 1 per 100,000 in Italy and Portugal in 2005 [9] .
The only earlier available data on French national incidence of LB were provided by a study conducted by the Sentinelles network in 1999 and 2000. It estimated the national incidence rate at 9.4 per 100,000 inhabitants [10] . The higher incidence reported in the present study could suggest that the LB incidence rate has increased in France. However, these incidences must be compared with caution, since different artifacts may have contributed to the higher numbers. Firstly, it has been shown
Figure 1
Estimated annual regional incidence rates of Lyme borreliosis in general practice (2009) (2010) (2011) (2012) A. General practice (2009-2012) B. Hospitalisations (2004) (2005) (2006) (2007) (2008) (2009) that the incidence of LB is highly sensitive to changes in surveillance methods [23] . Indeed, the methodology used by Letrilliart et al. in 1999 Letrilliart et al. in -2000 was different from the one we applied, and probably led to an underestimation of the incidence rate in their study. At the time, data were not collected through a routine systematic and standardised surveillance, as they have been since 2009. The routine surveillance of the Sentinelles network is based on periodic reports from sentinel physicians (usually weekly reports). Thus, if a physician does not provide report for several weeks, they will not be counted as a participating during those weeks. In the 1999 survey, it was assumed that physicians reported cases actively during the entire study period. Thus, compared to routine surveillance, the number of cases declared in the 1999 study was attributed to an overestimated number of participating GPs, resulting in lower incidence estimates. Secondly, LB today is better known to the public and the GPs than it was in 1999, which may have contributed to the strong increase in estimated LB incidence we report here [6] . Finally, the number of hospitalised cases was stable over the period 2004-2009 and seems incompatible with a four-fold increase in incidence suggested by a comparison of incidence estimates derived from the 1999-2000 study and the 2009-12 surveillance data. The hospital discharge database being a stable system, surveillance bias is unlikely, and the database can therefore provide useful data for trend analyses.
Nevertheless, numerous studies and surveillance data from other European countries and the US showed Incidence rates per 100,000 inhabitants. that the LB incidence may indeed have increased over the past few decades. In the US, a continued surveillance system was created in 1991, and the incidence has increased by 101% since then [6] . In Europe, an increase in LB was observed in several countries [9] . Between 1990 and 2001, the incidence rate in the Czech Republic doubled [1] ). In Germany, Fulop et al. describe a 110% increase between 2001 and 2006 [8] .
In the United Kingdom, case numbers have increased 3.6-fold between 2001 and 2011 [24] . In addition, some factors not related to surveillance artifacts may have contributed to an actual incidence increase, such as climate changes [25, 26] , increases in the population of wild animals hosting ticks, modifications in agricultural and forest landscapes that can lead to a higher density of tick populations [1] , or reduction in biodiversity that can increase the prevalence of ticks carrying Borellia [27] .
Regional incidence rates varied considerably in France, from 0 per 100,000 inhabitants to 184 per 100,000. These variations could be explained by participation biases. However, they were the same as those observed in the earlier Sentinelles network study [10] and, more importantly, the regional hospitalisation incidences corroborated the GP surveillance data, as shown by the similar distribution of GP and hospitalisation data in Figure 1 . Other published studies confirmed the regional distribution reported here [11] . In the US, incidence also varied among states, from less than 0.01 per 100,000 inhabitants in Montana or Colorado, to 73 per 100,000 in Connecticut [6] . The confirmation of interregional variations is an asset to guide future studies and develop more efficient public health actions.
In 94% of the cases in France, the infection was diagnosed at the erythema migrans stage. In the US, the proportion of erythema migrans was lower, estimated at 69% [6] . However, the data collection process in the US included cases reported through laboratorybased surveillance that are more likely to have late manifestations of LB [23] . An earlier study conducted in France with GPs, specialists and hospital practitioners reported a proportion of erythema migrans of 68% [11] . In Europe, published data varied from 65% to 95% [11, 28, 29] . These observations suggest that either the incidence of late Lyme disease forms in general practice in France is underestimated or the incidence of erythema migrans is overdiagnosed. Indeed, the lesion can be confused with other dermatological disorders, and the positive predictive value of an erythema migrans diagnosis made by GPs in France has been estimated at 72% [30] .
There was a marked difference in the sex ratio between outpatients (predominantly female) and inpatients (predominantly male), for which we have no explanation. Sex differences in the risk of contracting tick bites, incidence rates, and clinical picture of erythema migrans have been reported, although the biological, immunological, and sociological mechanisms causing these differences have not been determined [31] .
There are limits to the use of data coming from the national hospitalisation statistics, including diagnosis and coding mistakes, unintentional omissions, partial reporting of pre-existing conditions, lack of information about treatments (whether or not patients received an LB-effective antibiotic could help validate the diagnosis), the frequent unavailability of medical history forms to the certifying practitioner or difficulties in determining the initial cause of hospitalisation when several associated pathologies are involved. Indeed, it is possible that the recorded diagnoses were given by physicians who did not base their decision on accepted case definitions. Also, the diseases defined by the ICD-10 codes that we used are not specific for LB, their aetiologies may be numerous and in many cases idiopathic. It has been previously shown that the positive 
Number of cases
Year predictive value of the LB code in the PMSI database was 65% [32] . We therefore considered it necessary to set up a selection process for the reported hospitalisations. In the end, we only kept 40% of the registered reports. Nevertheless, the predictive value of our case definition could remain low due to the lack of specificity of the retained hospitalisation definitions (related to the complexity of databases such as the PMSI hospitalisation database). Therefore, our study could also overestimate the hospitalisation rates for LB in France. However, the PMSI database proved a useful tool to monitor trends over time, determine the seasonality, determine high-risk regions, and provide details on characteristics of hospitalised patients.
Conclusions
In conclusion, a countrywide sentinel network and hospitalisation statistics produced epidemiological data that were sustainable and consistent over time and space. They were suitable for following trends and estimating the burden of this disease for which there is significant public concern. Determination of the healthcare burden associated with LB can inform public health policy and enable valid analysis of the efficiency of LB control measures. Furthermore, we believe that this study could help elaborate factual risk communication messages provided to the lay public or the media. Healthcare providers should continue to invest attention into prompt recognition and early, appropriate therapy for LB. Also, public health strategies should keep promoting the use of repellent, daily checks for ticks and their prompt removal, mainly in the age groups, in the regions and during the months with the highest incidences. 
